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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a fuel cell using a polymer electrolyte membrane by forming a 
joining part of a cation exchange membrane and an anion exchange membrane with a material 
constituting the cation exchange membrane and the anion exchange membrane. 

SOLUTION: A cation exchange membrane is arranged so as to come in contact with an anode, and as 
the cation exchange membrane, an fluorine base ion exchange membrane such as a perfluorocarbon 
sulfonic acid membrane or a perfluorocarboxylic acid membrane, a phosphoric acid impregnated 
polybenzimidazole membrane, polystyrene sulfonic acid membrane, or sulfonated styrene.vinyl benzene 
copolymer membrane is used. As an anion exchange membrane, a solid polymer electrolyte membrane 
whose catalyst carried surface is covered with polyorthophenylehe diamine(PPD) by electrolytic 
polymerization is used. Joining is conducted by thermocompression bonding, a physical means such as 
mixing, solvent cast, blend, interface polymerization, or a chemical means such as co^polymerization. 
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* NOTICES * 

JPO and NCZPI are not responsible for any 
damagee caused by the use o£ this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Solid-state polyelectrolyte film for fuel cells characterized by combining the solid-state poly 
membrane which consists of a solid-state poly membrarie which consists of cation exchange membrane, and 
anion exchange film. 

[Claim 2] For the perfluorocarbon sulfonic acid film and the anion exchange film, cation exchange 
membrane is solid-state polyelectrolyte film for fiiel cells according to claim 1 with which it is characterized 
by being the poly alt.phenylenediamine and joining both. 

[Claim 3] The fuel cell characterized by using the solid-state polyelectrolyte film which separated and 
installed the anode (a hydrogen pole or fiiel electrode) and the cathode (an oxygen pole or air pole) in the 
polymer electrolyte fiiel cell, and joined the solid-state poly membrane which consists of a solid-state poly 
membrane which consists of cation exchange membrane, and anion exchange film to the part of a poly 
membrane used as an electrolyte membrane between them. 



[Translation done.] 
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* NOTICES ♦ 

JFO and NCZPI are not responsible £or any 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the bipolar membrane type fuel cell which used the solid- 
state polyelectrolyte film and this. 
[0002] 

[Description of the Prior Art] A fuel cell is equipment which can be made to be able to pass through the 
inside of the external circuit of a fuel cell the electron generated or consumed in that case, and can take out 
the electrical and electric equipment and which takes out energy by making the oxygen gas (or air) for 
oxidizing the hydrogen gas (or other fuel gas) and it used as a fiiel oxidize or return on the electrode which 
constitutes a catalyst, respectively. In order for an electron to take a round all over the external circuit of a 
fuel cell, when the ion which is electric support moves to the catalyst electrode (a cathode, an oxygen pole, 
or air pole) of another side from a catalyst electrode (an anode, a hydrogen pole, or fiiel electrode) into a 
cell, the electron which flows an external circuit needs to be electrically set off against the ion which flows 
the inside of a cell. The medium used when this ion passes through the inside of a cell is called electrolyte. 
The thing various type is developed by the fiiel cell according to the electrolytic class, and the thing using 
the polyelectrolyte film is called a polymer electrolyte fiiel cell to it. the description of this type of fuel cell 
has an operating temperature as low as 70-100 degrees C to a very high top as compared wifli the fiiel cell of 
a msiximum of 1 W/cm2 and the type of others [ energy density / which can be taken out ], and is easy to 
miniaturize — etc. ~ it is characteristic, promising ** is carried out as future electric vehicle, home 
stationing power source, etc., and development is fiirthered. 

[0003] The basic configuration of this cell is as being shown in drawing 1 . Let the catalysts which 
supported the VIII group metal and the catalyst particle which mainly consists of platinum etc. in the shape 
of a carbon particle be a hydrogen pole and an oxygen pole by this cell. And on this cell, it has the gas 
chamber which consists of the gas diffiision electrode for contacting gas for these catalysts, a gas flow 
channel, gas installation piping, etc., and an anode and the catalyst electrode of a cathode are the structures 
joined to the both sides of the polyelectrolyte film, and this forms the film and an electrode zygote. 
Although it is common to use the cation exchange membrane which is conductive as this polyelectrolj^e 
film to the hydrogen ion which is + ion and it is marketed conventionally, the Nafion film (DuPont shrine) 
etc. is known as an example. Although the polyelectrolyte film can also constitute a polymer electrolyte fUel 
cell using the anion exchange film with the hydroxide-ion conductivity which is - ion, since the direction of 
cation exchange membrane is excellent as an ingredient in respect of ion conductivity, endurance, etc., many 
things using cation exchange membrane have been developed overwhelmingly. This polyelectrolyte film is a 
water polymer, and in order to discover the outstanding ion conductivity, the need has prevented desiccation 
of the film as much as possible. Therefore, it faced introducing hydrogen gas (or other fuel gas) and oxygen 
gas (or air) in a cell, and the equipment called a humidifier was connected, when gas passed along this, the 
steam was sent into gas, it considered as the humid gas in the condition that the steam was included in the 
saturation state, and when the humid gas contacts the polyelectrolyte film, moisture was supplied to the film 
and has prevented desiccation of the film, however , by this method , the tooth space of a humidifier other 
than the body of a fuel cell be needed , and when request of want to constitute the whole fuel cell system in 
a compact will not only be disregard , but it be going to operate the fixel cell so that it could respond to the 
rapid output change under the time of the start of a cell , or operation , the temperature imitation nature of a 
humidifier be enough , and when operate the system of a fiiel cell , difficulty had arise . These problems had 
become the neck of development when it was going to use a fiiel cell for an electric vehicle etc. especially. 
[0004] 
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[Problem(s) to be Solved by the Invention] The technical problem of this invention is offering the fuel cell 

using the new polyelectrolyte film and the new polyelectrolyte film. 

[0005] 

[Means for Solving the Problem] this invention persons by combining the cation exchange membrane and 
^ the anion exchange film which were known conventionally, and joining in a fuel cell If it is used as a solid- 
state polyelectrolyte, water will generate near a membranous joint. A solid-state poly membrane is 
maintained at a damp or wet condition by operation of this water, consequently it stops drying a solid-state 
poly membrane, it finds out that it becomes unnecessary to form the humidifier conventionally needed for 
the fuel cell, and came to complete this invention. 

[0006] That is, according to this invention, the next invention is offered. The solid-state polyelectrolyte film 
for fuel cells characterized by combining the solid-state poly membrane which consists of a solid-state poly 
membrane which consists of cation exchange membrane, and anion exchange film. Cation exchange 
membrane is [ the perfluorocarbon sulfonic acid film and the anion exchemge film ] the poly 
alt.phenylenediamines. In the polymer electrolyte fuel cell which separated the solid-state polyelectrolyte 
film and installed the solid-state polyelectrolyte film for fuel cells and anode (the hydrogen pole or fuel 
electrode) which are characterized by joining both, and the cathode (an oxygen pole or air pole) The fuel 
cell characterized by preparing the solid-state polyelectrolyte film of said publication. 
[0007] 

[Embodiment of the Invention] The poly membrane which is the electrolyte used for the polymer electrolyte 
fuel cell of this invention is prepared between the electrodes which consist of an anode and a cathode, 2ind 
the anion exchange film is collectively used for it with cation exchange membrane. This structure is as being 
shown in drawing 2 . 

[0008] What is used for the fuel cell can be used for an electrode. Specifically, what supported the catalyst is 
used for a carbon particle. A platinum catalyst, platinum and a ruthenium alloy, other precious metal 
catalysts, or an organometallic complex catalyst is used for a catalyst. Generally the amoxmt of catalysts 
supported is an electrode, although set suitably. The thing of the range per [ 0.01 ] 1 cm2 - of 1 mg is used. 
In addition, the carbon particle which supported repellents and binders, such as a Teflon p2irticle, with the 
catalyst, the ingredient which base materials, such as carbon paper and a carbon cross, were made to fix 
these further, and has improved circulation of gas can be mentioned as an electrode material. 
[0009] Cation exchange membrane is prepared in contact with the anode electrode. It can use, if it is the 
solid-state polyelectrolyte to which a cation (hydrogen ion which is + ion) can be moved as cation exchange 
membrane. A concrete target can mention fluorine system ion exchange membranes, such as 
perfluorocarbon sulfonic acid film and perfluorocarbon carboxylic-acid film, the polybenzimidazole film 
into which the phosphoric acid was infiltrated, the polystyrene sulfonic acid film, the sulfonic acid-ized 
styrene vinylbenzene copolymer film, etc. 

[0010] It can use, if it is the solid-state polyelectrolyte to which an anion (hydroxide ion which is - ion) can 
be moved as anion exchange film. Specifically, the film of a solid-state polyelectrolyte is prepared in the 
field which attaches the catalyst by using an electrolytic polymerization method etc. and covering in the 
poly alt.phenylenediamine (it is hereafter written as PPD). As a polymerization reaction for covering, it is 
not restricted to an electrolytic poljmierization method and various approaches can be suitably used 
according to selections of a monomer, such as a plasma polymerization, a liquid phase polymerization, and 
solid state polymerization. It can dip directly into a polymer and C£in also be made to adhere to a fi'ont face. 
The amoxmt from which coverage generally becomes 1-2 mg/cm2 at least is needed. What was known 
from the former, such as a fluorine system ion exchange membrane which, in addition to this, has an 
ammonium salt derivative radical, vinylbenzene polymer film which has an ammonium salt derivative 
radical, and film which aminated the chloro methyl styrene vinylbenzene copolymer, can be used. 
[001 1] The purpose is attained by arranging and installing cation exchange membrane and the anion 
exchange film so that it may live together. These conditions of living together need to make it a clearance 
etc. not generated as much as possible. In order to make it not produce such a clearance etc., it is effective to 
see fi-om both film and to make it joined. Chemical means, such as physical means, such as 
thermocompression bonding, mechanical sticking by pressure, and mixing, the solvent cast, a blend, an 
interfacial polymerization, and copolymerization, are used for junction, the electrode which specifically 
attached PPD, and the electrode (all are area 5 cm2) which is not attached — it prepares one sheet at a time, 
respectively, the catalyst spreading side of an electrode is confronted in the center of the Nafion film which 
carried out clarification processing, and it inserts, and applying a load to the electrode surface of both sides, 
specific time amoxmt maintenance can be carried out with a hotpress, and the film and an electrode zygote 
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can be created by carrying out thermocompression bonding. The combination of the cation exchange 
membrane and the anion exchange film in this invention does not have to have structure (bipolar film) of 
thickness [ as / in drawing 2 ] with the film of both kinds which by the way surely touches a boimdary 
clearly, and was stretched. The condition which may be the structure (mosaic membrane) which mixed 
together in the membranous direction of a cross section mutually, and it had, and was mixed in the field 
used as the polyelectrolyte film in a fuel cell, the blended condition, or the thing combined firom the phase of 
composition of a cation exchange radical and an anion exchange group as a copolymer is also contained. 
[0012] Using the poly membrane in this invention combining cation exchange membrane and the anion 
exchange film, the reaction in an anode and a cathode is as follows. The reaction in an anode is H2 -> 
2H-H-2e. It is (1). Moreover, a hydrogen ion is carried toward a cathode in the inside of cation exchange 
membrane. About the reaction in these anodes, and migration of a cation, it is the same as that of the case of 
the anode and film joint of the conventional fiiel cell. The reaction which occurs on the catalyst which 
touches a cathode, i.e., the anion exchange film, is l/202+2H-H-2e -> H20 seen with the conventional fiiel 
cell. Not the reaction of (2) but l/202+H2CH-2e -> 20H - It is the reaction expressed with (3). The 
generated hydroxide ion meets with the hydrogen ion which flowed the inside of the anion exchange film 
toward the anode, and has flowed the inside of cation exchange membrane toward a cathode in the part with 
which cation exchange membrane and the anion exchange film coexist, and generates water. The reaction is 
as follows. 

2H-H-20H-> 2H20 The overall reaction which occurs within (4) fiiel cells is H2-I-1/202 -> H20. It is (5), 
and when it sees by the whole cell, there are no conventional reaction and conventional change in a cell. 
[0013] In the conventional fixel cell, the water which is an end product was emitted with the cathode, the 
part permeated in the poly membrane through the interface of a cathode and the film, and other parts entered 
into the gas which passes through the inside of a cathode chamber, and had escaped besides the system as 
shown in drawing 1 . Therefore, desiccation of a poly membrane tends to take place, and as it mentioned 
above in order to prevent it, it is necessary to add a humidifier. It is as having already described this. 
[0014] In the fuel cell of this invention, in order that water may generate by the reaction (4) in the interior of 
a poly membrane, when water generates like a reaction (2) on the outside of a poly membrane, a 
membranous damp or wet condition is kept efficient. Moreover, although water is consumed at a reaction 
(3), since this is compensated by diffusion of the water generated in the location where cation exchange 
membrane and the anion exchange film touch, water will be supplied as a result. Furthermore, since the 
cathode catalyst in this invention touches the anion exchange film, the thing [ as / in the conventioned 
technique ] which it is not necessary to touch the cation exchange membrane of strong acid nature, and the 
width of face of selection of a catalyst also spreads is expected. For example, it also becomes possible to use 
the nickel system catalyst used on the oxygen pole of alkaline fuel cells, a silver system catalyst, gold, a 
platinum alloy catalyst, etc. Moreover, the organometallic complex which shows the outstanding oxygen 
reduction ability as one of the alternative catalysts of the platinimi in an oxygen pole is considered. 
Although the cobalt SAREN compound catalyst was that example, this catalyst had the trouble of causing an 
activity fall, in the acid medixmi. The advantage which can use the above-mentioned catalyst for a cathode 
catalyst is opened by using the anion exchange film in which alkalescence is shown. 
[0014] 

[Example] The electrode (1 mg/cm2 Pt support carbon electrode) which applied to one side of carbon paper 
the platinum catalyst (trade name 20 wt% Pt^ulcan XC -72) supported to the example 1 carbon particle 
was cut in the magnitude of 2.3 mm angles, and it covered with the electrolytic polymerization method 
which shows the poly alt.phenylenediamine (it is hereafter written as PPD) in the field which attaches the 
catalyst below. It is marketing to this field. Only the amovmt fi-om which the Nafion polymer becomes 1-2 
mg/cm2 was applied, and 5 % Nafion solution was dried. To moreover, the catalyst support carbon paper 
electrode of 2.3 mm angles size which does not independently attach PPD The electrode which applied only 
the amount from which the Nafion polymer becomes 1-2 mg/cm2, and dried 5 % Nafion solution was 
prepared. Next, it processed in 2 % hydrogen-peroxide-solution solution which made 5 cm angles cut and 
boil commercial Nafion 1 1 7 film, the dipping was carried out 1 night into [ after removing the impurity in 
the film ] the 0. 1 N H2S04 water solution, and it considered as the hydrogen ion type film, and was kept, 
the electrode which attached above-mentioned PPD, and the electrode (all are area 5 cm2) which is not 
attached — it prepared one sheet at a time, respectively, the catalyst spreading side of an electrode was 
confronted in the center of Nafion 117 film which carried out clarification processing, and it inserted, and 
applying the load of about 200 kg to the electrode surface of 5 cm2, it held for 90 seconds at 135 degrees C 
with the hotpress, and the film and an electrode zygote were created by carrying out thermocompression 
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bonding. This is included in a fiiel cell single eel testing device, the electrode side which attached an anode 
and PPD for the electrode side which does not attach PPD is used as a cathode, the overnight style of the 
nitrogen gas humidified at first was carried out to each electrode chamber, and himiidity of the film was 
carried out. Then, the current- voltage cvirve was measured, making the oxygen gas which does not humidify 
the hydrogen gas which is not humidified an anode side flow into a cathode side. Gas pressure at this time 
One atmospheric pressure and a quantity of gas flow are an anode side. 50 ml/min side, cathode side It 
considered as 100 ml/n^n. Measxirement is eel temperature. It carried out in 50 degrees C, impressing a 
current by 0.02 A/step and 1 step/min. The obtained current-voltage curve is shown in drawing 3 (a). When 
PPD achieves the function of the anion exchange film, as a result of water's generating inside the Nafion 
film and the touching film and barring desiccation of ttie film, the good fuel cell property was observed. 
(PPD electrolytic polymerization method) The dipping of the platinimi catalyst support carbon electrode is 
cariied out into the 0,1 15 M sulfuric-acid water solution of 50 mM alt.phenylenediamine, and a platinum 
electrode is set to a room temperature by using a silver electrode as a reference electrode at a coxmter 
electrode. - A potential cycle is bet by potential within the limits of 0;3 1 0-1 . 11 OV, and it is on the fi-ont face 
of a platinum catalyst support carbon electrode. The PPD polymerization coat y/as made to form. It is 0.1 M 
about this. After dipping in aqueous ammonia and permuting sulfate ion by the hydroxide ion, it was pure 
and washed. The potential cycle was able to apply the thickness of the electrolytic poljonerization film, and 
it was able to be adjusted in the direction. 

[0015] the fuel cell single eel of the example 2 above — temperature it sets at 50 degrees C — 0.2 A/cm2 — 
and ~ 0.4 A/cm2 Fixed current density was impressed. At this time, it is gas pressure. One atmospheric 
pressure and a quantity of gas flow are a hydrogen utilization factor by the side of an anode. Ratio of oxygen 
utilization by the side of 70% and a cathode It supplied so that it might become 40%. this condition 0.2 
A/cm2 ~ and ~ 0.4 A/cm2 The relation of the eel electrical-potential-difference pair tiine amount at the time 
of impressing fixed current density is shown in drawing 4 (a) and drawing 5 (a). As a result of maintaining a 
membranous damp or wet condition also in the conditions of desiccation hydrogen and desiccation oxygen 
gas, it was able to check that an early high eel voltage output was maintained and good output 
characteristics were obtained also with high current density. 

[0016] Except having used for both the electrode which does not give the example PPD of a comparison the 
anode and cathode side, also in the example 1, same actuation was completely performed, the single eel was 
constituted, and the current-voltage curve was measured. The result is shown in drawing 3 (b). To in the 
case of an example 1 , water generating inside the Nafion film and the touching film, when PPD achieves the 
function of the anion exchange film, desiccation of the film being barred, and a good current- voltage curve 
being shown, since it was the usual fuel cell configuration only using the Nafion film which is cation 
exchange membrane in this case, desiccation of the film progressed by operation of only a dry gas, and only 
the low result of a current and the voltage characteristic was obtained as a result, moreover — if it can set in 
the example 2 — the same conditions — 0.2 A/cm2 — and — 0.4 A/cm2 The relation of the eel electrical- 
potential-difference pair time amount at the time of impressing fixed current density is shown in drawing 4 
(b) and drawing 5 (b). By operation of only a dry gas, it turned out similarly that desiccation of the film 
progressed and only the eel electrical potential difference low as a result was obtained here. 
[0017] 

[Effect of the Invention] In the fuel cell of this invention, in order that water may generate in the interior of a 
poly membrane, when water generates on the outside of the conventional poly membr2ine, a membranous 
damp or wet condition can keep it efficient. Although water is consumed, since this is compensated by 
diffusion of the water generated in the location where cation exchange membrane and the anion exchange 
film touch, water will be supplied as a result, and since a humidifier is not needed, miniaturization of a fuel 
cell can be attained. Furthermore, since the cathode catalyst in this invention touches the anion exchange 
film, it is as having stated above that the thing [ as / in the conventional technique ] which it is not necessary 
to touch the cation exchange membrane of strong acid nature, and the width of face of selection of a catalyst 
also spreads is expected. 
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DRAWINGS 



[Drawing 1] 




[Drawing 2] 




[Drawing 3] 
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WRITTEN AMENDMENT 



[Procedure revision] 

[Filing Date] December 15, Heisei 11 (1999. 12.15) 

[Procedure amendment 1] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Whole sentence 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Document Name] Specification 

[Title of the Invention] The solid-state polyelectrolyte film and the bipolar membrane type fuel cell using 
this 

[Claim(s)] 

[Claim 1] The polymer electrolyte fuel cell characterized by joining cation exchange membrane and the 
anion exchange film in the polymer electrolyte fuel cell which separates and installs an anode (a hydrogen 
pole or fuel electrode) and a cathode (an oxygen pole or air pole), and installs the electrolyte membrane 
which consists of cation exchange membrane and anion exchange film between them by tihe means chosen 
fi-om thermocompression bonding, mixing, the cast, a blend, an interfacial polymerization, and 
copolymerization. 

[Claim 2] The polymer electrolyte fuel cell with which cation exchange membrane is characterized by the 
perfluorocarbon sulfonic acid film and the anion exchange film being the poly alt.phenylenediamines. 
[Claim 3] 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a bipolar membrane type fuel cell. 
[0002] 

[Description of the Prior Art] A ftxel cell is energy conversion equipment which can be made to be able to 
pass through the inside of the extemal circuit of a fuel cell the electron generated or consumed in that case, 
and can take out the electrical and electric equipment by making the oxygen gas (or air) for oxidizing the 
hydrogen gas (or other fuel gas) and it used as a fuel oxidize or return on the electrode which constitutes a 
catalyst, respectively. In order for an electron to take a round all over the extemal circuit of a fuel cell, when 
the ion which is electric support moves to the catalyst electrode (a cathode, an oxygen pole, or £dr pole) of 
another side from a catalyst electrode (an anode, a hydrogen pole, or fuel electrode) into a cell, the electron 
which flows an extemal circuit needs to be electrically set off against the ion which flows the inside of a 
cell. The medivim used when this ion passes through the inside of a cell is called electrolyte. The thing 
various type is developed by the fuel cell according to the electrolytic class, and the thing using the 
polyelectrolyte film is called a polymer electrolyte fuel cell to it. the description of this type of fuel cell has 
an operating temperature as low as 70-100 degrees C to a very high top as compared with the fuel cell of a 
maximum of 1 W/cm2 and the type of others [ energy density / which can be taken out ], and is easy to 
miniaturize — etc. — it is characteristic, promising ** is carried out as future electric vehicle, home 
stationing power source, etc., and development is furthered. 

[0003] The basic configuration of this cell is as being shown in drawing 1 . Let the catalysts which 
supported the VIII group metal and the catalyst particle which mainly consists of platinum etc. in the shape 
of a carbon particle be a hydrogen pole and an oxygen pole by this cell. And on this cell, it has the gas 
chamber which consists of the gas diffusion electrode for contacting gas for these catalysts, a gas flow 
channel, gas installation piping, etc., and an anode and the catalyst electrode of a cathode are the structures 
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joined to the both sides of the polyelectrolyte fibn, and this fonns the fihn and an electrode zygote. 
Although it is cx)mmon to use the cation exchange membrane which is conductive as this polyelectrolyte 
film to the hydrogen ion which is + ion and it is marketed conventionally, as an example, the Nafion film 
(DuPont company) etc. is known. Although the polyelectrolyte film can also constitute a polymer electrolyte 
fuel cell using the anion exchange film with the hydroxide-ion conductivity which is - ion, since the 
direction of cation exchange membrane is excellent as an ingredient in respect of ion conductivity, 
endurance, etc., many things using cation exchange membrane have been developed overwhelmingly. This 
polyelectrolyte film is a water polymer, and in order to discover the outstanding ion conductivity, the need 
has prevented desiccation of the film as much as possible. Therefore, it faced introducing hydrogen gas (or 
other fiiel gas) and oxygen gas (or air) in a cell, and the equipment called a humidifier was connected, when 
gas passed along this, the steam was sent into gas, it considered as the humid gas in the condition that the 
steam was included in the saturation state, and when the humid gas contacts the polyelectrolyte film, 
moisture was supplied to the film and has prevented desiccation of the film, however , by this method , the 
tooth space of a humidifier other than the body of a fiiel cell be needed , and when request of want to 
constitute the whole fuel cell system in a compact will not only be disregard , but it be going to operate the 
fuel cell so that it could respond to the rapid output change under the time of the start of a cell , or 
operation , the temperature imitation nature of a humidifier be enough , and when operate the system of a 
fuel cell , difficulty had arise . These problems had become the neck of development when it was going to 
use a fiiel cell for an electric vehicle etc. especially. 
[0004] 

[Problem(s) to be Solved by the Invention] The technical problem of this invention is offering the fuel cell 

which used the polyelectrolyte film. 

[0005] 

[Means for Solving the Problem] this invention persons by combining the cation exchange membrane and 
the anion exchange film which were known conventionally, and joining in a fuel cell If it is used as a solid- 
state polyelectrolyte, water will generate near a membranous joint. A solid-state poly membrane is 
maintained at a damp or wet condition by operation of this water, consequently it stops drying a solid-state 
poly membrane, it finds out that it becomes xmnecessary to form the hximidifier conventionally needed for 
the fuel cell, and came to complete this invention. 

[0006] That is, according to this invention, the next invention is offered. Said polymer electrolyte fuel cell 
characterized by for the perfluorocarbon sulfonic-acid film and the anion exchange film to be the polymer 
electrolyte fuel cells characterized by to join cation exchange membrane and the anion exchange film in the 
polymer electrolyte fuel cell which separates and installs an anode (a hydrogen pole or fuel electrode) and a 
cathode (an oxygen pole or air pole), and installs the electrolyte membrane which consists of cation 
exchange membrane and anion exchange film between them by the means chosen from thermocompression 
bonding, mixing, the cast, a blend, an interfacial polymerization, and copolymerization and for cation 
exchange membrane to be the poly alt.phenylenediamine 
[0007] 

[Embodiment of the Invention] The poly membrane which is the electrolyte used for the polymer electrolyte, 
fuel cell of this invention is prepared between the electrodes which consist of an anode and a cathode, and 
the anion exchange film is collectively used for it with cation exchange membrane. This structure is as being 
shown in drawing 2 . 

[0008] What is used for the fuel cell can be used for an electrode. Specifically, what supported the catalyst is 
used for a carbon particle. A platinvim catalyst, platinum and a ruthenium alloy, other precious metal 
catalysts, or an organometallic complex catalyst is used for a catalyst. Generally the amount of catalysts 
supported is an electrode, although set suitably. The thing of the range per [ 0.01 ] 1 aii2 - of 1 mg is used. 
In addition, the carbon particle which supported repellents and binders, such as a Teflon particle, with the 
catalyst, the ingredient which base materials, such as carbon paper and a carbon cross, were made to fix 
these further, and has improved circulation of gas can be mentioned as an electrode material. 
[0009] Cation exchange membrane is prepared in contact with the anode electrode. It can use, if it is the 
solid-state polyelectrolyte to which a cation (hydrogen ion which is + ion) can be moved as cation exchange 
membrane, A concrete target can mention fluorine system ion exchange membranes, such as 
perfluorocarbon sulfonic acid film and perfluorocarbon carboxylic-acid film, the polybenzimidazole film 
into which the phosphoric acid was infiltrated, the polystyrene sulfonic acid film, the sulfonic acid-ized 
styrene vinylbenzene copolymer film, etc. 

[0010] It can use, if it is the solid-state polyelectrolyte to which an anion (hydroxide ion which is - ion) can 
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be moved as anion exchange film. Specifically, the film of a solid-state polyelectrolyte is prepared in the 
field which attaches the catalyst by using an electrolytic polymerization method etc. and covering in the 
poly alt.phenylenediamine (it is hereafter written as PPD). As a polymerization reaction for covering, it is 
not restricted to an electrolytic polymerization method and various approaches can be suitably used 
according to selections of a monomer, such as a plasma polymerization, a liquid phase polymerization, and 
solid state polymerization. It can dip directly into a polymer and can also be made to adhere to a firont face. 
The amount fi-om which coverage generally becomes 1-2 mg/cm2 at least is needed. What was known 
fi-om the former, such as a fluorine system ion exchange membrane which, in addition to this, has an 
ammonium salt derivative radical, vinylbenzene polymer film which has an ammonivim sail derivative 
radical, and film which aminated the chloro methyl styrene vinylbenzene copolymer, can be used. 
[001 1] The purpose is attained by arranging and installing cation exchange membrane and the anion 
exchange film so that it may live together. These conditions of living together need to make it a clearance 
etc. not generated as much as possible. In order to make it not produce such a clearance etc., it is effective to 
see fi-om both film and to make it joined. The chemical means of physical means, such as 
thermocompression bonding and mixing, the solvent cast, a blend, an interfacial polymerization, and 
copolymerization is used for jimction. the electrode which specifically attached PPD, and the electrode (all 
are area 5 cm2) which is not attached — it prepares one sheet at a time, respectively, the catalyst spreading 
side of an electrode is confi-onted in the center of the Nation film which carried out clarification processing, 
and it inserts, and applying a load to the electrode surface of both sides, specific time amount maintenance 
can be carried out with a hotpress, and the film and an electrode zygote can be created by carrying out 
thermocompression bonding. The combination of the cation exchange membrane and the anion exchange 
film in this invention does not have to have structure (bipolar film) of thickness [ as / in drawing 2 ] with the 
film of both kinds which by the way surely touches a boundary clearly, and was stretched. The condition 
which may be the structure (mosaic membrane) which mixed together in the membranous direction of a 
cross section mutually, and it had, and was mixed in the field used as the polyelectrolyte film in a fiiel cell, 
the blended condition, or the thing combined fi-om the phase of composition of a cation exchange radical 
and an anion exchange group as a copolymer is also contained. 

[0012] Using the poly membrane in this invention combining cation exchange membrane and the anion 
exchange film, the reaction in an anode and a cathode is as follows. The reaction in an anode, 
H2 -> 2H++2e (1) 

It comes out. Moreover, a hydrogen ion is carried toward a cathode in the inside of cation exchange 

membrane. About the reaction in these anodes, and migration of a cation, it is the same as that of the case of 

the anode and film joint of the conventional fiiel cell. The reaction which occurs on the catalyst which 

touches a cathode, i.e., the anion exchange film, is seen with the conventional fizel cell, 

1 / 202 +2H++2e -> H20 (2) 

It is not ******^ 

1 / 202 +H20+2e -> 20H- (3) 

It is the reaction come out of and expressed. The generated hydroxide ion meets with the hydrogen ion 
which flowed the inside of the anion exchange film toward the anode, and has flowed the inside of cation 
exchange membrane toward a cathode in the part with which cation exchange membrane and the anion 
exchange film coexist, and generates water. The reaction is as follows. 
2H-H-20H--> 2H20 (4) 

The overall reaction which occurs within a fuel cell, 
H2+1 / 202 -> H20 (5) 

When it comes out, and is and sees by the whole cell, there are no conventional reaction and conventional 
change in a cell. 

[0013] In the conventional fuel cell, the water which is an end product was emitted with the cathode, the 
part permeated in the poly membrane through the interface of a cathode and the film, and other parts entered 
into the gas which passes through the inside of a cathode chamber, and had escaped besides the system as 
shown in drawing 1 . Therefore, desiccation of a poly membrane tends to take place, and as it mentioned 
above in order to prevent it, it is necessary to add a humidifier. It is as having already described this. 
[0014] In the fiiel cell of this invention, in order that water may generate by the reaction (4) in the interior of 
a poly membrane, when water generates like a reaction (2) on the outside of a poly membrane, a 
membranous damp or wet condition is kept efficient. Moreover, although water is consiimed at a reaction 
(3), since this is compensated by diffusion of the water generated in the location where cation exchange 
membrane and the anion exchange film touch, water will be supplied as a result. Furthermore, since the 
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cathode catalyst in this invention touches the anion exchange film, the thing [ as / in the conventional 
technique ] which it is not necessary to touch the cation exchange membrane of strong acid nature, and the 
width of face of selection of a catalyst also spreads is expected. For example, it also becomes possible to use 
the nickel system catalyst used on die oxygen pole of alkaline fuel cells, a silver system catalyst, gold, a 
platinum alloy catalyst, etc. Moreover, the organometallic complex which shows the outstanding oxygen 
reduction ability as one of the altemative catalysts of the platinum in an oxygen pole is considered. 
Although the cobalt SAREN compound catalyst was that example, this catalyst had the trouble of causing an 
activity fall, in the acid medium. The advantage which can use the above-mentioned catalyst for a cathode 
catalyst is opened by using the anion exchange film in which alkalescence is shown. 
[0015] 
[Example] 
Example 1 

The electrode (1 mg/cm2 Pt support carbon electrode) which applied to one side of carbon paper the 
platinum catalyst (trade name 20 wt% PtA^ulcan XC -72) supported to the carbon particle was cut in the 
magnitude of 2.3 cm angles, and it covered with the electrolytic polymerization method which shows the 
poly alt.phenylenediamine (it is hereafter written as PPD) in the field which attaches the catalyst below. It is 
marketing to this field. Only the amount from which the Nafion polymer becomes 1-2 mg/cm2 was 
applied, and 5 % Nafion solution was dried. To moreover, the catalyst support carbon paper electrode of 2.3 
cm angles size which does not independently attach PPD The electrode which applied only the amovmt from 
which the Nafion polymer becomes 1-2 mg/cm2, and dried 5 % Nafion solution was prepared. Next, it 
processed in 2 % hydrogen-peroxide-solution solution which made 5 cm angles cut and boil commercial 
Nafion 117 film, the dipping was carried out 1 night into [ after removing the impurity in the film ] the 0.1 N 
H2S04 water solution, and it considered as the hydrogen ion type film, and was kept, the electrode which 
attached above-mentioned PPD, and the electrode (all are area 5 cm2) which is not attached — it prepared 
one sheet at a time, respectively, the catalyst spreading side of an electrode was confronted in the center of 
Nafion 117 film which carried out clarification processing, and it inserted, and applying the load of about 
200 kg to the electrode surface of 5 cm2, it held for 90 seconds at 135 degrees C with the hotpress, and the 
film and an electrode zygote were created by carrying out thermocompression bonding. This is included in a 
fuel cell single eel testing device, the electrode side which attached an anode and PPD for the electrode side 
which does not attach PPD is used as a cathode, the overnight style of the nitrogen gas humidified at first 
was carried out to each electrode chamber, and humidity of the film was carried out. Then, the current- 
voltage curve was measured, making the oxygen gas which does not humidify the hydrogen gas which is not 
hxunidified an anode side flow into a cathode side. Gas pressxire at this time One atmospheric pressure and a 
quantity of gas flow are an anode side. 50 ml/min side, cathode side It considered as 1 00 ml/min. 
Measurement is eel temperature. It carried out in 50 degrees C, impressing a current by 0.02 A/step and 1 
step/min. The obtained current- voltage curve is shown in drawing 3 (a). When PPD achieves the function of 
the anion exchange film, as a result of water's generating inside the Nafion film and the touching film and 
barring desiccation of the film, the good fuel cell property was observed. 

(PPD electrolytic polymerization method) The dipping of the platinum catalyst support carbon electrode is 
carried out into the 0.1 15 M sulfuric-acid water solution of 50 mM alt.phenylenediamine, and a platinum 
electrode is set to a room temperature by using a silver electrode as a reference electrode at a counter 
electrode. - A potential cycle is bet by potential within the limits of 0.3 10-1 .1 lOV, and it is on the front face 
of a platinum catalyst support carbon electrode. The PPD polymerization coat was made to form. It is 0.1 M 
about this. After dipping in aqueous ammonia and permuting sulfate ion by the hydroxide ion, it was pure 
and washed. The potential cycle was able to apply the thickness of the electrolytic polymerization film, and 
it was able to be adjusted in the direction. 
[0016] Example 2 

the above-mentioned fuel cell single eel — temperature it sets at 50 degrees C — 0.2 A/cm2 — and — The 
fixed current density of 0.4 A/cm2 was impressed. At this time, it is gas pressure. One atmospheric pressure 
and a quantity of gas flow are a hydrogen utilization factor by the side of an anode. Ratio of oxygen 
utilization by the side of 70% and a cathode It supplied so that it might become 40%. this condition 0.2 
A/cm2 — and — 0.4 A/cm2 The relation of the eel electrical-potential-difference pair time amount at the time 
of impressing fixed current density is shown in drawing 4 (a) and drawing 5 (a). As a result of maintaining a 
membranous damp or wet condition also in the conditions of desiccation hydrogen and desiccation oxygen 
gas, it was able to check that an early high eel voltage output was maintained and good output 
characteristics were obtained also with high current density. 
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[0017] The example of a comparison 

Except having used for both the electrode which does not attach PPD the anode and cathode side, also in the 
example 1 , same actuation was completely perforaied, the single eel was constituted, and the current- voltage 
curve was measured. The result is shown in drawing 3 (b). To in the case of an example 1 , water generating 
inside the Nafioh^film and the touching film, when PPD achieves the fimction of the anion exchange film, 
desiccation of the film being barred, and a good current- voltage curve being shown, since it was the usual 
fiiel cell configuration only using the Nafion film which is cation exchange membrane in this case, 
desiccation of the film progressed by operation of only a dry gas, and only the low result of a current and the 
voltage characteristic was obtained as a result, moreover — if it can set in the example 2 — the same 
conditions — 0.2 A/cm2 — and — 0.4 A/cm2 The relation of the eel electrical-potential-difference pair time 
amount at the time of impressing fixed current density is shown in drawing 4 (b) and drawing 5 (b). By 
operation of only a dry gas, it turned out similarly that desiccation of the film progressed and only the eel 
electrical potential difference low as a result was obtained here. 
[0018] 

[Effect of the Invention] In the fiiel cell of this invention, in order that water may generate in the interior of a 
poly membrane, when water generates on the outside of the conventional poly membrane, a membranous 
damp or wet condition can keep it efficient. Although water is consumed, since this is compensated by 
diffusion of the water generated in the location where cation exchange membrane and the anion exchange 
film touch, water will be supplied as a result, and since a humidifier is not needed, miniaturization of a fuel 
cell can be attained. Furthermore, since the cathode catalyst in this invention touches the anion exchange 
film, it is as having stated above that the thing [ as / in the conventional technique ] which it is not necessary 
to touch the cation exchange membrane of strong acid nature, and the width of face of selection of a catalyst 
also spreads is expected. 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the conventional polymer electrolyte fuel cell. 

[Drawing 2] It is drawing showing the bipolar membrane type fuel cell of this invention. 

[Drawing 3] It is drawing showing the relation of the current potential when using this invention and the 

conventional solid-state poly membrane. 

[Drawing 4] It is drawing showing the eel electrical potential difference when impressing a fixed current, 
and the relation of time amoxmt. 

[Drawing 5] It is drawing showing the eel electrical potential difference when throat-izing a fixed cxirrent, 
and the relation of time amount. 
[Description of Notations] 

It is the result of showing the case where Nafion and PPD are used, 
b It is the result of using only Nafion. 

[a procedure revision] 

[Filing Date] May 31, Heisei 12 (2000. 5.31) 

[Procedure amendment 1 ] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Whole sentence 

[Method of Amendment] Modification 

[Proposed Amendment] 

[Document Name] Specification 

[Title of the Invention] The solid-state polyelectrolyte film and the bipolar membrane type fuel cell using 
this 

[Claim(s)] 

[Claim 1] The polymer electrolyte fuel cell characterized by being joined by the means chosen from the 
thermocompression bonding of the ingredient with which the amount of [ of cation exchange membrane and 
the anion exchange film ] joint constitutes cation exchange membrane and the anion exchange film, mixing, 
the cast, a blend, an interfacial polymerization, and copoljonerization in the polymer electrolj^e fuel cell 
which separates and installs an anode (a hydrogen pole or fuel electrode) and a cathode (an oxygen pole or 
air pole), and installs the electrolyte membrane which consists of cation exchange membrane and an anion 
between them. 

[Claim 2] The polymer electrolyte fuel cell according to claim 1 with which cation exchange membrane is 
characterized by the perfluorocarbon sulfonic acid film and the anion exchange film being the poly 
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alt.phenylenediamines. 

[Detailed Description of the Invention] 

[0001] 

[Field of the Invention] This invention relates to a bipolar membrane type fuel cell. 
[0002] 

[Description of the Prior Art] A fuel cell is energy conversion equipment which can be made to be able to 
pass through the inside of the external circuit of a &el cell the electron generated or consumed in that case, 
and can take out the electrical and electric equipment by making the oxygen gas (or air) for oxidizing the 
hydrogen gas (or other fuel gas) and it used as a fuel oxidize or return on the electrode which constitutes a 
catalyst, respectively. In order for an electron to take a round all over the external circuit of a fuel cell, when 
the ion which is electric support moves to the catalyst electrode (a cathode, an oxygen pole, or air pole) of 
another side from a catalyst electrode (an anode, a hydrogen pole, or fuel electrode) into a cell, the electron 
which flows an external circuit needs to be electrically set off against the ion which flows the inside of a 
cell. The medium used when this ion passes through the inside of a cell is called electrolyte. The thing 
various type is developed by the fuel cell according to the electrolytic class, and the thing using the 
polyelectrolyte film is called a polymer electrolyte fuel cell to it. the description of this type of fuel cell has 
an operating temperature as low as 70-1 00 degrees C to a very high top as compared with the fuel cell of a 
maximum of 1 W/cm2 and the type of others [ energy density / which can be taken out ], and is easy to 
miniaturize ~ etc, — it is characteristic, promising ** is carried out as future electric vehicle, home 
stationing power source, etc., and development is furthered. 

[0003] The basic configuration of this cell is as being shown in drawing 1 . Let the catalysts which 
supported the VIII group metal and the catalyst particle which mainly consists of platinxrai etc. in the shape 
of a carbon particle be a hydrogen pole and an oxygen pole by this cell. And on this cell, it has the gas 
chamber which consists of the gas diffusion electrode for contacting gas for these catalysts, a gas flow 
channel, gas installation piping, etc., and an anode and the catalyst electrode of a cathode are the structures 
joined to the both sides of the polyelectrolyte film, and this forms the film and an electrode zygote. 
Although it is common to use the cation exchange membrane which is conductive as this polyelectrolyte 
film to the hydrogen ion which is + ion and it is marketed conventionally, as an example, the Nafion film 
(DuPont company) etc. is known. Although the polyelectrolyte film can also constitute a polymer electrolyte 
fuel cell using the anion exchange film with the hydroxide-ion conductivity which is - ion, since the 
direction of cation exchange membrane is excellent as an ingredient in respect of ion conductivity, 
endurance, etc., many things using cation exchange membrane have been developed overwhelmingly. This 
polyelectrolyte film is a water polymer, and in order to discover the outstanding ion conductivity, the need 
has prevented desiccation of the film as much as possible. Therefore, it faced introducing hydrogen gas (or 
other fuel gas) and oxygen gas (or air) in a cell, and the equipment called a himiidifier was connected, when 
gas peissed along this, the steam was sent into gas, it considered as the humid gas in the condition that the 
steam was included in the saturation state, and when the humid gas contacts the polyelectrolyte film, 
moisture was supplied to the film and has prevented desiccation of the film, however , by this method , the 
tooth space of a humidifier other than the body of a fuel cell be needed , and when request of want to 
constitute the whole fuel cell system in a compact will not only be disregard , but it be going to operate the 
fuel cell so that it could respond to the rapid output change under the time of the start of a cell , or 
operation , the temperature imitation nature of a hvimidifier be enough , and when operate the system of a 
fuel cell , difficulty had arise . These problems had become the neck of development when it was going to 
use a fuel cell for an electric vehicle etc. especially. 
[0004] 

[Problem(s) to be Solved by the Invention] The technical problem of this invention is offering the fuel cell 

which used the polyelectrolyte film. 

[0005] 

[Means for Solving the Problem] this invention persons by combining the cation exchange membrane and 
the anion exchange film which were known conventionally, and joining in a fuel cell If it is used as a solid- 
state polyelectrolyte, water will generate near a membranous joint. A solid-state poly membrane is 
maintained at a damp or wet condition by operation of this water, consequently it stops drying a solid-state 
poly membrane, it finds out that it becomes xmnecessary to form the humidifier conventionally needed for 
the fuel cell, and came to complete this invention. 

[0006] That is, according to this invention, the next invention is offered. In the polymer electrolyte fuel cell 
which separates and installs an anode (a hydrogen pole or fuel electrode) and a cathode (an oxygen pole or 
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air pole), and installs the electrolyte membrane which consists of cation exchange membrane and an anion 
between them The thermocompression bonding of the ingredient with which the amount of [ of cation 
exchange membrane and the anion exchange film ] joint constitutes cation exchange membrane and the 
anion exchange film, The polymer electrolyte fuel cell characterized by being joined by the means chosen 
fi-om mixing, the cast, a blend, an interfacial polymerization, and copolymerization. It reaches. Polymer 
electrolyte fuel cell of said publication with which cation exchange membrane is characterized by the 
perfluorocarbon sulfonic acid film and the anion exchange film being the poly alt.phenylenediamines. 
[0007] 

[Embodiment of the Invention] The poly membrane which is the electrolyte used for the polymer electrolyte 
fuel cell of this invention is prepared between the electrodes which consist of an anode and a cathode, and 
the anion exchange film is collectively used for it with cation exchange membrane. This structure is as being 
shown in drawing 2 . 

[0008] What is used for the fuel cell can be xised for an electrode. Specifically, what supported the catalyst is 
used for a carbon particle. A platinum catalyst, platinum and a ruthenium alloy, other precious metal 
catalysts, or an organometallic complex catalyst is used for a catalyst. Generally the amount of catalysts 
supported is an electrode, although set suitably. The thing of the range per [0,01 ] 1 cm2 - of 1 mg is used. 
In addition, the carbon particle which supported repellents and binders, such as a Teflon particle, with the 
catalyst, the ingredient which base materials, such as carbon paper and a carbon cross, were made to fix 
these further, and has improved circulation of gas can be mentioned as an electrode material. 
[0009] Cation exchange membrane is prepared in contact with the anode electrode. It can use, if it is the 
solid-state polyelectrolyte to which a cation (hydrogen ion which is + ion) can be moved as cation exchange 
membrane. A concrete target can mention fluorine system ion exchange membranes, such as 
perfluorocarbon sulfonic acid film and perfluorocarbon carboxylic-acid film, the polybenzimidazole film 
into which the phosphoric acid was infiltrated, the polystyrene sulfonic acid film, the sulfonic acid-ized 
styrene vinylbenzene copolymer film, etc. 

[0010] It can use, if it is the solid-state polyelectrolyte to which an anion (hydroxide ion which is - ion) can 
be moved as anion exchange film. Specifically, the film of a solid-state polyelectrolyte is prepared in the 
field which attaches the catalyst by using an electrolytic polymerization method etc. and covering in the 
poly alt.phenylenediamine (it is hereafter written as PPD). As a polymerization reaction for covering, it is 
not restricted to an electrolytic polymerization method and various approaches can be suitably used 
according to selections of a monomer, such as a plasma polymerization, a liquid phase polymerization, and 
solid state polymerization. It can dip directly into a polymer and can also be made to adhere to a fi'ont face. 
The amount fi-om which coverage generally becomes 1-2 mg/cm2 at least is needed. What was known 
from the former, such as a fluorine system ion exchange membrane which, in addition to this, has an 
ammonium salt derivative radical, vinylbenzene polymer film which has an ammonium salt derivative 
radical, and film which aminated the chloro methyl styrene vinylbenzene copolymer, can be used. 
[001 1] The purpose is attained by arranging and installing cation exchange membrane and the anion 
exchange film so that it may live together. These conditions of living together need to make it a clearance 
etc. not generated as much as possible. In order to make it not produce such a clearance etc., it is effective to 
see fi"om both film and to make it joined. The chemical means of physical means, such as 
thermocompression bonding and mixing, the solvent cast, a blend, an interfacial polymerization, and 
copolymerization is used for junction. 

Actuation of thermocompression bonding is performed as follows, the electrode which specifically attached 
PPD, and the electrode (all are area 5 cm2) which is not attached — it prepares one sheet at a time, 
respectively, the catalyst spreading side of an electrode is confironted in the center of the Nafion film which 
carried out clarification processing, and it inserts, and applying a load to the electrode surface of both sides, 
specific time amount maintenance can be carried out with a hotpress, and the film and an electrode zygote 
can be created by carrying out thermocompression bonding. The combination of the cation exchange 
membrane and the anion exchange film in this invention does not have to have structure (bipolar film) of 
thickness [ as / in drawing 2 ] with the film of both kinds which by the way surely touches a boundary 
clearly, and was stretched. The condition which may be the structure (mosaic membrane) which mixed 
together in the membranous direction of a cross section mutually, and it had, and was mixed in the field 
used as the polyelectrolyte film in a fuel cell, the blended condition, or the thing combined fi-om the phase of 
composition of a cation exchange radical and an anion exchange group as a copolymer is also contained, 
[0012] The above "mixing, the solvent cast, a blend, an interfacial polymerization, and copolymerization" is 
a means to all form a joint, forms the film of either cation exchange membrane or the anion exchange film, 
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and forms a joint in the film with the aforementioned means. These means are the means or approaches 
which were learned well in the field of polymer processing or macromolecule composition. The joint of 
cation exchange membrane and the anion exchange film is formed using such a means. A joint is completed 
by while accepting it to this joint otherwise, and forming cation exchange membrane or the anion exchange 
film in it. "Mixing" mixes a different particulate matter and a different liquid, and means obtaining a 
homogeneous particulate matter and a homogeneous liquid. In jxmction of this invention, the film is formed 
with the liquefied matter of the component of the film of either cation exchange membrane or the anion 
exchange film, on it, it is liquid, homogeneity is made to mix the component of cation exchange membrane 
2ind the anion exchange film, a joint is formed, zmd, otherwise, it is the thing which while will accept and is 
depended on the component of cation exchange membrane or the anion exchange film and which is 
liquefied, supplies and forms the film on it. The "solvent cast" means slushing and carrying out the 
polymerization of the monomer or prepolymer of a liquid to a mold. In the case of this invention, a mold is 
formed beforehand, one of membranous monomers or prepolymers of a liquid of a component of cation 
exchange membrane or the anion exchange film are slushed into the type of inside, then the monomer or 
prepolymer of a liquid of cation exchange membrane and the anion exchange film is slushed, a joint is 
formed, next, elsewhere, I will accept it, the liquefied monomer or liquefied prepolymer by the component 
of cation exchange membrane or the anion exchange film is supplied, and the film is formed. [ of a 
component ] "A blend" means mixing two kinds of macromolecule materials. In the case of this invention, 
the film is formed with the liquefied matter by the component of the film of either cation exchange 
membrane or the anion excheinge film, next it is liquefied, and supplies, the component of cation exchange 
membrane and the anion exchange film is mixed, a joint is formed in the condition, further, elsewhere, it is 
liquefied, the component of cation exchange membrane or the anion exchange film is supplied, and while I 
will accept it forms the film. A "interfacial polymerization" means the polycondensation reaction performed 
by the interface of both solvents between 2 fimctionality components dissolved in two kinds of solvents 
(water, organic solvent, etc.) which do not dissolve mutually, respectively. In the case of this invention, a 
joint is formed by forming the film with the liquefied matter by the component of the film of either cation 
exchange membrane or the anion exchange film, making two kinds of solvents dissolve the component of 
cation exchange membrane and the anion exchange film on it, and performing an interfacial polymerization. 
Next, it is liquefied, the component of cation exchange membrane or the anion exchange film is supplied, 
and while I will accept it forms the film in others. "Copolymerization" means the reaction which generates 
the polymer which made the configuration xmit two or more kinds of monomers. In the case of this 
invention, a joint is formed by forming the film with the liquefied matter by the component of the film of 
either cation exchange membrane or the anion exchange film, next performing copolymerization by the 
component of cation exchange membrane and the anion exchange film. And next, it is liquefied, the 
component of cation exchange membrane or the anion exchange film is supplied, and while I will accept it 
forms the film in others. 

[0013] Using the poly membrane in this invention combining cation exchange membrane and the anion 
exchange film, the reaction in an anode and a cathode is £is follows. The reaction in an anode, 
H2 -> 2H++2e(l) 

It comes out. Moreover, a hydrogen ion is carried toward a cathode in the inside of cation exchange 

membrane. About the reaction in these anodes, and migration of a cation, it is the same as that of the case of 

the anode and film joint of the conventional fiiel cell. The reaction which occurs on the catalyst which 

touches a cathode, i.e., the anion exchange film, is seen with the conventional fiiel cell, 

1 / 202 +2H++2e -> H20 (2) 

It is not ******^ 

1 / 202 +H2CH-2e -> 20H- (3) 

It is the reaction come out of and expressed. The generated hydroxide ion meets with the hydrogen ion 
which flowed the inside of the anion exchange film toward the anode, and has flowed the inside of cation 
exchange membrane toward a cathode in the part with which cation exchange membrane and the anion 
exchange film coexist, and generates water. The reaction is as follows. 
2H-M-20H-> 2H20 (4) 

The overall reaction which occurs within a fuel cell, 
H2+1 /202->H20(5) 

When it comes out, and is and sees by the whole cell, there are no conventional reaction and conventional 
change in a cell. 

[0014] In the conventional fuel cell, the water which is an end product was emitted with the cathode, the 
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part permeated in the poly membrane through the interface of a cathode and the film, and other parts entered 
into the gas which passes through the inside of a cathode chamber, and had escaped besides the system as 
shown in drawing 1 . Therefore, desiccation of a poly membrane tends to take place, and as it mentioned 
above in order to prevent it, it is necessary to add a hximidifier. It is as having ^eady described this. 
[001 5] In the fuel cell of this invention, in order that water may generate by the reaction (4) in the interior of 
a poly membrane, when water generates like a reaction (2) on the outside of a poly membrane, a 
membranous damp or wet condition is kept efficient. Moreover^ although water is consumed at a reaction 
(3), since this is compensated by diffusion of the water generated in the location where cation exchange 
membrane and the anion exchange film touch, water will be supplied as a result. Furthermore, since the 
cathode catalyst in this invention touches the anion exchange film, the thing [ as / in the conventional 
technique ] which it is not necessary to touch the cation exchange membrane of strong acid nature, and the 
width efface of selection of a catalyst also spreads is expected. For example, it also becomes possible to use 
the nickel system catalyst used on the oxygen pole of alkaline fiael cells, a silver system catalyst, gold, a 
platinimi alloy catalyst, etc. Moreover, the organometallic complex which shows tfie outstanding oxygen 
reduction ability as one of the alternative catalysts of the platinum in an oxygen pole is considered. 
Although the cobalt SAREN compound catalyst was that example, this catalyst had the trouble of causing an 
activity fall, in the acid medium. The advantage which can use the above-mentioned catalyst for a cathode 
catalyst is opened by using the anion exchange film in which alkalescence is shown. 
[0016] ' 
[Example] Example 1 

The electrode (1 mg/cm2 Pt support carbon electrode) which applied to one side of carbon paper the 
platinum catalyst (trade name 20 wt% PtA^ulcan XC -72) supported to the carbon particle was cut in the 
magnitude of 2.3 cm angles, and it covered with the electrolytic polymerization method which shows the 
poly alt.phenylenediamine (it is hereafter written as PPD) in the field which attaches the catalyst below. It is 
marketing to this field. Only the amount fi-om which the Nafion polymer becomes 1 - 2 mg/cin2 was 
applied, and 5 % Nafion solution was dried. To moreover, the catalyst support carbon paper electrode of 2.3 
cm angles size which does not independently attach PPD The electrode which applied only the amoxmt fi-om 
which the Nafion polymer becomes 1-2 mg/cm2, and dried 5 % Nafion solution was prepared. Next, it 
processed in 2 % hydrogen-peroxide-solution solution which made 5 cm angles cut and boil commercial 
Nafion 117 film, the dipping was carried out 1 night into [ after removing the impurity in the film ] the 0.1 N 
H2S04 water solution, and it considered as the hydrogen ion type film, and was kept, the electrode which 
attached above-mentioned PPD, and the electrode (all are area 5 cm2) which is not attached — it prepared 
one sheet at a time, respectively, the catalyst spreading side of an electrode was cpnfi-onted in the center of 
Nafion 117 film which carried out clarification processing, and it inserted, and applying the load of about 
200 kg to the electrode surface of 5 cm2, it held for 90 seconds at 135 degrees C with the hotpress, and the 
film and an electrode zygote were created by carrying out thermocompression bonding. This is included in a 
fiiel cell single eel testing device, the electrode side which attached an anode and PPD for the electrode side 
which does not attach PPD is used as a cathode, the overnight style of the nitrogen gas humidified at first 
was carried out to each electrode chamber, and humidity of the film was carried out. Then, the current- 
voltage curve was meas\ired, making the oxygen gas which does not humidify the hydrogen gas which is not 
humidified an anode side flow into a cathode side. Gas pressure at this time One atmospheric pressure and a 
quantity of gas flow are an anode side. 50 ml/min side, cathode side It considered as 100 ml/min. 
Measurement is eel temperature. It carried out in 50 degrees C, impressing a current by 0.02 A/step and 1 
step/min. The obtained current-voltage curve is shown in drawing 3 (a). When PPD achieves the function of 
the anion exchange film, as a result of water's generating inside the Nafion film and the touching film and 
barring desiccation of the film, the good fiael cell property was observed. 

(PPD electrolytic polymerization method) The dipping of the platinvim catalyst support carbon electrode is 
carried out into the 0. 1 15 M sulfiiric-acid water solution of 50 mM alt.phenylenediamine, and a platinum 
electrode is set to a room temperature by using a silver electrode 2is a reference electrode at a coxmter 
electrode. - A potential cycle is bet by potential within the limits of 0.3 10-1 . 1 lOV, and it is on the fi-ont face 
of a platinum catalyst support carbon electrode. The PPD polymerization coat was made to form. It is 0.1 M 
about this. After dipping in aqueous anmionia and permuting sulfate ion by the hydroxide ion, it was pure 
and washed. The potential cycle was able to apply the thickness of the electrolytic polymerization film, and 
it was able to be adjusted in the direction. 
[0017] Example 2 

the above-mentioned fiiel cell single eel ~ temperature it sets at 50 degrees C — 0.2 A/cm2 — and ~ The 
http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web__cgi_ejje 5/24/2006 



JP,2000-251906,A [] 



Page 10 of 10 



fixed current density of 0.4 fiJcrol was impressed. At this time, it is gas pressure. One atmospheric pressure 
and a quantity of gas flow are a hydrogen utiHzation factor by the side of an anode. Ratio of oxygen 
utilization by the side of 70% and a cathode It supplied so that it might become 40%. this condition 0.2 
A/cm2 — and — 0.4 A/cm2 The relation of the eel electrical-potential-difference pair time amoimt at the time 
of impressing. fixed current density is shown in drawing 4 (a) and drawing 5 (a). As a result of maintaining a 
membranous damp or wet condition also in the conditions of desiccation hydrogen and desiccation oxygen 
gas, it was able to check that an early high eel voltage output was maintained and good output 
characteristics were obtained also with high current density. 
[001 8] The example of a comparison 

Except having used for both the electrode which does not attach PPD the anode and cathode side, also in the 
example 1, same actuation was completely performed, the single eel was constituted, and the current- voltage 
curve was measured. The result is shown in drawing 3 (b). To in the case of an example 1, water generating 
inside the Nafion film and the touching film, when PPD achieves the function of the anion exchange film, 
desiccation of the film being barred, and a good current-voltage cxirve being shown, since it was the usual 
fuel cell configuration only using the Nafion film which is cation exchange membrane in this case, 
desiccation of the film progressed by operation of only a dry gas, and only the low result of a current and the 
voltage characteristic was obtained as a result, moreover — if it can set in the example 2 — the same 
conditions — 0.2 A/cm2 — and ~ 0.4 A/cm2 The relation of the eel electrical-potential-difference pair time 
amount at the time of impressing fixed current density is shown in drawing 4 (b) and drawing 5 (b). By 
operation of only a dry gas, it turned out similarly that desiccation of the film progressed and only the eel 
electrical potential difference low as a result was obtained here. 
[0019] 

[Effect of the Invention] In the fuel cell of this invention, in order that water may generate in the interior of a 
poly membrane, when water generates on the outside of the conventional poly membrane, a membranous 
damp or wet condition can keep it efficient. Although water is consumed, since this is compensated by 
difftision of the water generated in the location where cation exchange membrane and the anion exchange 
film touch, water will be supplied as a result, and since a humidifier is not needed, miniaturization of a fuel 
cell can be attained. Furthermore, since the cathode catalyst in this invention touches the anion exchange 
film, it is as having stated above that the thing [ as / in the conventional technique ] which it is not necessary 
to touch the cation exchange membrane of strong acid nature, and the width of face of selection of a catalyst 
also spreads is expected. 
[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the conventional poljoner electrolyte fuel cell. 

[Drawing 2] It is drawing showing the bipolar membrane type fuel cell of this invention. 

[Drawing 3] It is drawing showing the relation of the current potential when using this invention and the 

conventional solid-state poly membrane. 

[Drawing 4] It is drawing showing the eel electrical potential difference when impressing a fixed current, 
and the relation of time amount. 

[Drawing 5] It is drawing showing the eel electrical potential difference when throat-izing a fixed current, 
and the relation of time amoimt. 
[Description of Notations] 

It is the result of showing the case where Nafion and PPD are used, 
b It is the result of using only Nafion. 

[Translation done.] 



http ://www4 . ipdl .ncipi . go.jp/cgi-bin/tran_web_cgi_ejj e 5/24/2006 



SOLID POLYMER ELECTROLYTE MEMBRANE AND BIPOLAR MEMBRANE FUEL 
CELL USING IT 



Patent numben 
Publication date: 
Inventor: 

Applicant: 
Classification: 
- international: 



JP2000251906 
2000-09-14 

OKADA TATSUHIRO; SON RITSUKEN; JOERGEN 
DAARE; MITSUTA KENRO 

AGENCY IND SCIENCE TECHN 



H0mm2; H01M8/02; (IPC1-7): H01M8/02 

- european: 

Application number: JP1 9990052501 19990301 
Priority number(s): JP19990052501 19990301 



Report a data error here 



Abstract of JP2000251906 

PROBLEM TO BE SOLVED: To obtain a fuel cell using a polynner electrolyte membrane by forming a 
joining part of a cation exchange membrane and an anion exchange membrane with a material 
constituting the cation exchange membrane and the anion exchange membrane. SOLUTION: A cation 
exchange membrane is arranged so as to come in contact with an anode, and as the cation exchange 
membrane, an fluorine base ion exchange membrane such as a perfluorocarbon sulfonic acid 
membrane or a perfluorocarboxylic acid membrane, a phosphoric acid impregnated polybenzimidazole 
membrane, polystyrene sulfonic acid membrane, or sulfonated styrene.vinyl benzene copolymer 
membrane is used. As an anion exchange membrane, a solid polymer electrolyte membrane whose 
catalyst carried surface is covered with polyorthophenylene diamine(PPD) by electrolytic 
polymerization is used. Joining Is conducted by thermocompression bonding, a physical means such 
as mixing, solvent cast, blend, interface polymerization, or a chemical means such as co- 
polymerization. 
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^j^^JBS^-ti-Zco Clix^rO. 1 MT V^-TtKuSiLT 

^::Lt-h^X^fzo 

[0016] 2 

Jlf50«S*l-Sflfe#-t:;^"eiajt 50'CtCi5V^T. 0.2 //cm 

70% ;^ V- KfifloKmfiJffl*Sr 40%^ jS: * J: ^ 
«t*&L/^o 0.2 iVcirf . 'BiXf 0.4 //err? 

-^emSfL^^S ^ eniJD L /c^^O -t ;v ^ ^1 <75 
«:lI4(a)S.J/EI5(a)lcS^-ro K:«7lc^St;^:SK^*' 

[0017] it^m 

m(Dm^^^fz'tzt^zx^xi-y ^ ty^tm-t^m 
i>^i-y^:^ >m<o^^my^^tzm'^(omMm.mn&^j:(D 

mi^m2\ZiSif^tmU^j:^^X0.2 J^cn? . Stf 0.4 

A/cn? (D-^mm.^'mi:muLfzm'^(7^t)vmKnn 
m<Dm%^m^{b)Ri/m5(b)\.z7jk'ro ^ci-ctRiai 
\z^ ^m:ff>^(OJ^<Dm^xi±m<o^m^'m^i^mtLx 

(Sv^-t /WSBE L;&-# ii^Sr 36»o fz::t t^»t^^fZo 
[0 0 18] 
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[01] se*<o@friss-^-M*«»m?fe«:^i-iaT-*ao 
[@2] *:«?g<^M>f *--7Eaigs-iijfe«-s^-rs-e* 

-So 

[1131 :$:^?gi:«&*<7>@ft?g^SS-fflv^^;t 
[041 -iEOSsSSrEnioU/^tio-t^vSEt^HO 

[05] -s<^mss*isftLfct §<o-fc;vmEt^rao 

[?f-f-0§i5g] 



[amei T^i 2^5^ 3 1 B (2000. 5. 3 

1) 

[^mniE 1 ] 

[liiErtSl 

[%l§<7)^»^ei^] 
[0 0 0 1] 

{¥km<r)m-t i>tm»m\ /^'f^K-^BiMJi 

[0 0 0 2] 

VMiflfecoj^i^A-^) t-^iximt^^i>tztf><r>W^if:K 



® {r^-Y'tfz\i7i^mutfz\mmm) 

mMM {*v-vtfz\immmttz\i^^m) ^tmm 

Ti^Sftfert «r Sill- .& i: § Uffl ix-S «r S^K t 
±Jcl6ftiaS**70~- loot; S :t/>S<t*»SS-e 

[0 0 0 3] ^<omm<om^mmi. muz^-tM^-r^ 

:^i:n^m^'titzi^<DA'7.tinn.m. :fr7.yu-^^> 

mnmmizm^Ltzm&-(^i> *) . ztum • 

im^Lxx'^io zn^^j-^mmMmtLxit. 

>■ -C* A V CJ* Um^(Oi,Z, * ^ ^ VSC^K 
Lr»±:^7 ^ :t ( EbPbnt ?±) ^7i»iaf>ftr 

mi±<^i>i>r-t>^^mi:m^^x. mi$-is»^mmn 
:^7i)*^' t >imii^mxii^n.^.x-tmt Lxmfix\r- 

^«-S^;KC-i:**d2-ll***>*o t<Dfztf>. 
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[0 0 0 4] 
[0 0 0 5] 

[0 0 0 6] i-<tto*), J: #t.Jf, '>:<oai?**f| 

•9^ vSl^K 4: r - ;i- > ^ * 4 m» Jf K «:KS1- 4 @ 

V\ e,sif*L4^S»c J: Sir 

[0 0 0 7] 

*.4o c:«73«jH±, 112 ic^1-ai3-c*4o 
[0 0 0 8] mffit^ii. ^i^m?fet;fflv>'bnTt»4 to 



aiJ i-ii^ L * - .-K>e^> CJtt,«rMi:*-**>^- 
^ * - *•> D ;z.^<:03:^#U@« ? -^;!r>^ O^ii 

[0 0 0 9] T/'- KmSU«Lr*f^;i->!S5^R36s|S: 

n ®^R« W 7 y -f > ^^R. 'J 

[0 0 10] T-*V!Z«KtL-CJi> r-*> (--f 

> (JjlT, ppDti^fSi-a) *ffi»S#fe*i*«-fflv>-c 

4. Sai--J>;ti6<oS-g-ElDt LT»4, S^S-g-ftiwK 
-g-^^ y-7 - «D jllR i: TiSHa^ o:^-)* Sr ffl v> 4 C 
tt-C&4o ^^USli, -fi£lcl4il--5: < t 4, 1-2 ng/ 

■t ^ i» :gf|^#:g «r 4 - ^l-'O -t' > V -7 - 

[0 0 1 1] *^:«->32»mtT-*v5:mK(±*^¥-r 

4c ClixlbO^ff-f 44^St4. -C^^fiitlSSKI^A^ifei: 
v> i 9 U-r 4 -1 1 34*'J2>g-C* 4o roiT^fcpg.K^t 
^i:!Ctv»J:-5lci-47tiOlcj±, 5l:&<0K*»<bl,Tg^S 
^xrv^4 i 9 L-CiJ < i t;4»;#35&-C*4o «-g-U»±, 

<^ff5SOjSftt4JaT<Oil'3 UfiT, :a-tfK>t::tf. PPD^ 
ix-E'iiltfc-f-^'frfflitL, it^3i!kaL;t-t7^:j->Ko 

4C:t7>*T-#4o :$:|§l?Ui3lt4*f^:«->j£«]gtr- 
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fg^ffjeSL. ^<r>±\z'(&<7)iin—-)i<oii'J-i^>^^m7, 

i--sfe<^-c^^, r^M#-v;^ hJ ^g■l»^!0■=e>'•7- 
^v■■(i7'';.i^';^7-^^^cg!LLa^^f. 

<0 f :fr ^ > jj^^BXIA 7 - ^ > jjffeSIW fL;>'- 

KJ 2ajB(0ife^jS#t-a^-rac: fc^jggfei- 

^hi,zm<7)iin-fi(0-A'f-t>^t^mXlir-:t>^m 

■rti*^-^(r>m(o&^izxz,m^^^izx *)^im.& 
i:2mm<nmmizmm^-^x. wmm'^innzbizi 

>!g^MXlA7-^>^j&gIcofi£^^fSj:>cT-mi^L. m 



10 0 131 *^^Ui5it*ii5«-^K»i, *f-*>3clfe 

•3, 7y- KSt;'* V- KJc;i3tt*Ri5i±-*oiii)f Jb 

7y- K-CORl&Ji, 
re — 2H^ + 2e . (1) 

yizj^it-sxmiitii^ Ztihr^- yizi3l-^iKSc-R 

I/202 + 2H*- + 2e — H2 O (2) 

1/2Q2 + H2 0+ 2e — 2CH- (3) 
X^^tLiKJZ^XHo ^fi£L/c7KKl'*>l±x 7-* 

i:7-*>^St3^|g<7)*#i-*g5^tciJu^T, ii^^>^ 

2W- + 2ar -* 2H2 O (4) 
re + 1/202 — Hz O (5) 

-cab 19. ffiffe^*^-CM«t, tje*<OS7tetci5lt*Elc.t 
[0 0 14] EUfc^^ixTV^-SiTtC, S£«Wj^^m 

[0 0 15] :^^f^<ommmm-cit^ ssfi^Kwrtffu 

i3v»rg:iD(4)UJ: *)^-/>^±^i-i>fzitlz, SI&(2)(75J: 
Clixl±*f-*>ifJ&Kt7-:^->35^KO 

^m\zisii:i,i}y-h'mmi±r-7i->^t^mtm-ri>fz 
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tteT^r^^-t Fern's 7&^$)-^;'co 5§r;v* 'Jlt^r^-rr 
[0 0 16] 

fj-^>^s.^\,ziBnLtz&^mim (iSn°p^2o w%pt/\ti 

lcan»72) * 7& -;^•>^-i'^"-OM■fflI^C^^ L?tmS 
(1 ng/cirf PtiSif *-;K>SSi) ^2.3 ciTiftO:^^ ^ 

mr. ppDi:Bftie-r*) «:«TU5^i-s»m^ 

7>r :f>;^'';-7-7&n-2 ng/cn^ U ^S/itt^^ Lx 
KSL/Co ^ /^cgljtc. PPI>SrOtt^rv^2.3 ciilft:fec^)fi4jK 

>f :^>7KV -7-76^1 -2 ng/cn^ J^r ^:i:7'itt^*. 
Ltzm^^FS^Ltzo ^X^z-^9&i-y ^ ^>mB^S cm 

]^+o:?F*^!K?*:^±^. 0.1 NH2 SCM TKSffi^'J^l^g 
•tiri' LT*^-f :j->am^ L^et^Co ±lSiOPPDSrO 

^^i.z'mm<r>mmm^m^tm^'^rm^. 5 cnf 

«i®tw?tLft200 kgCOiDS^TJJ'-tt^Til^^^^y hT^UJ^U 
i: 19 135'CT-90S?IS«^ aJE^t-f * ^ i 15 K • 

tcia^^ii^, PPDSrott^rV^SSOfigSrry- Kx PPDSt 

tj:\,^mMif:^ii3y- Ym\zm.X^^ti:ii^hWM. • mJE 
&Sit:m^Lfzo ^(Dtb(Dif:^S,t}it iKEE> :^r;^5E 
gliry-Kli SOni/frin. :^ V - Kffl lOOni/nint 
L/Co Sil^ti"fe;l'iaS 50t:tCi5V^T. reffi*r0.02iVste 
p. lstep/irin-CEniDL':t;6^??ff-^?to ^htltzMiSi ' W. 
Effi^*llI3(a)tC^i-o PPD!i^r^:t>5!5^m<7)1itg^ 

(PPDS^S-g-ffi) 50 nM^- ;V h 7 i ^ > V T ^ >(7)0. 
Ui3V^T-0. 310-1. 110 W)mi2eHnT-i;ffi-9-W' ^'JV 



/^o m^S^K<^il§<imfi:-9-'f ^^^i^'^^&Mt^r-esssi- 
10 0 17] mt&m 2 

±E*75i^3H'm?fe*-fe;vT-iajs 5ot:jc^v^T. 0.2 >ycm 

2 . JSiZf 0.4 //cirf 3eSSESSS:WiDL^::o ^(^ 
70% i3y-Ym<ommmm^^ ^^ti:^i.n\z 

«^L/cc ro^feftr 0.2 //cfrf . sj;^ 0.4 //cirf 

(D—^mM'^^m.^^ULfz^'^(n^i}vm.KM^m(r>^% 
^mA{^)'SLVFmb{^)\z7v^to n.^^^^mikxmm^miT 
:^(D^^\zi^\^-xi>m.<r>mm^.t^mzix^^^. ism 

[0018] it^m 

v^^jjanii^is^ 1 ^zis},f^t^<mm<om^^^'ox 

S:ll3(b)lC^-ro ^i£^J 1 ^J®'&-<iPPD4^T^:t>2itm 

^ >m<o^i:m\^^fzmtS(omMm,mm&^j:(o 

mmm2 {z^i'T^ tmm^^^xo,2 A/cn? . atf 0.4 

m<om^.^m4(b)Rzrm5(b)\,z7jk-ro zzxi^mm 

ffiv^-fe L^ii»» <b K<t 7t c: jft^fl-J^^o 
[0 0 1 9 J 

5!^]^ i: T ^ > ^mm<Dmi- ^ i5 V > T ^^1" ^ 

hfjy'-yMmitT^yt>^mmtmi'^fzib. fie5fei$ 

#T is It .6 J: ^ ?SBel4<^ :^ ^ t > ^1" ^ 

[0lBoffim^Si?g] 

[a 3] ^^mt^^(Dmi^i^^^mim>^^fzt^<Dm 

[114] -^comaL«:enSDLfci:§o-t;umEi:^rao 
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